ABSTRACT Eighteen 200-ha study plots were established in the Monongahela National Forest, West Virginia, and in the George Washington National Forest, Virginia. The overall purpose of the study was to determine nontarget effects of biological insecticides used to control gypsy moth, Lymantria dispar (L.). From 1995 through 1998 blacklight traps, foliage pruning, and canvas bands were used to collect lepidopteran adults and larvae to determine population abundance 2 yr before and during two consecutive years of treatment applications. During 1997 and 1998, six plots were each aerially treated with nucleopolyhedrosis virus Gypchek (GC) (US Forest Service, Ansonia, CT) and Bacillus thuringiensis variety kurstaki (Btk). The remaining six plots were left untreated (control). Counts of adults and larvae of 19 species from Þve families were tallied to assess treatment effects. Both spring-and summer-defoliating larvae were sampled. Analysis of variance indicated a signiÞcant interaction between pretreatment/treatment years and the three treatment groups for the adults of two species and the larvae of three species. Fewer larvae were collected from Btk plots than from GC and control plots during treatment years, but not during pretreatment years. Gypchek was not determined to adversely affect nontarget species. Adults of 10 species and larvae of four species were more numerous during treatment years than pretreatment years. Adults of four species and larvae of Þve species were more numerous during pretreatment years than during treatment years.
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THE RELATIVELY RECENT SPREAD of gypsy moth, Lymantria dispar (L.), from New England into the Appalachian regions of West Virginia and Virginia has generated concerns regarding the fate of the hardwood forests in these areas (Sharov et al. 1996) . Concerns stem from the gypsy mothÕs reputation as ravenous defoliators (Andreadis and Weseloh 1990, Roth et al. 1997) . Though outbreak populations may be reduced by viruses or, more recently, by fungal epizootics (Hajek et al. 1990 (Hajek et al. , 1995 , unregulated outbreaks may still last long enough to cause considerable damage. Unfortunately, attempts to suppress gypsy moth outbreaks with the use of chemical pesticides can lead to undesirable effects on nontarget organisms. For example, dißubenzuron (Dimilin) produces multipleyear and season-long lethal effects to nontarget lepidopteran larvae and other arthropod species Kondo 1993, Butler et al. 1997a) . A newer insect growth regulator (IGR), tebufenozide , is more speciÞc, but still affects abundance of nontarget Lepidoptera (Butler et al. 1997b) . To assess nontarget effects of gypsy moth treatments, impacts of biological sprays containing viruses or bacteria lethal to gypsy moth larvae are presently being examined.
Bacillus thuringiensis variety kurstaki (Btk) and a gypsy moth-speciÞc nucleopolyhedrosis virus extract Gypchek (GC) (US Forest Service, Ansonia, CT) are common biological insecticides for gypsy moth (Podgwaite et al. 1992 , Reardon et al. 1994 , Liebhold and McManus 1999 . However, due to the complex interrelationships among the organisms in an ecosystem, it is important to determine whether these control agents have unanticipated impacts on nontarget organisms. Associations within arthropod communities inhabiting forests are particularly complex (Crossley et al. 1976 , Overgaard Nielsen and Ejlersen 1977 , Moran and Southwood 1982 . Although studies of the effects of B. thuringiensis (Bt) on nontarget insects have been limited (Reardon et al. 1994) , they suggest that large-scale Bt treatments may indeed affect nontarget organisms, especially Lepidoptera (Miller 1990a, b; Sample et al. 1993 Sample et al. , 1996 Wagner et al. 1996) .
The primary focus of the present nontarget study is to determine lethal effects of gypsy moth biological treatments on selected nontarget Lepidoptera in the George Washington National Forest and Monongahela National Forest. This study emphasized 19 of the more abundant nontarget lepidopteran species. Species were selected from Þve families, intentionally choosing those with a range of seasonal activity of larvae and/or adults. The more abundant species were chosen because of their potential signiÞcance in the food web. Furthermore, several of the noctuid and geometrid species have been previously implicated for Bt susceptibility (Butler et al. 1995b) . Though present at different times during the sampling season, most of selected larvae (like the gypsy moth) commonly feed on oak, maple, and hickory. Because the treatments were applied early in the season (when such applications would be expected to optimally affect gypsy moth larvae), later season species were not expected to be affected by these relatively short-term insecticides.
Materials and Methods
Nine 200-ha plots (plots 1Ð9) were established in the Monongahela National Forest (MNF), Pocahontas County, West Virginia, and nine 200-ha plots (plots 10 Ð18) in the George Washington National Forest (GWNF), Augusta County, Virginia. These forests are dominated by oak, hickory, and maple tree species, which are particularly susceptible to gypsy moth outbreaks. The GWNF is generally warmer and more xeric than the MNF, although individual plot temperatures within forests, determined by maximum/minimum thermometers, have been found to be more comparable (Butler and Strazanac 2000a, b; Wang et al. 2000) .
The MNF plots were located at an average elevation of Ϸ950m, whereas GWNF plots were located at an average elevation of Ϸ635m. The plots were arranged in a completely randomized block design based predominantly on tree species composition. Additional details regarding individual plots and experimental design have been described by Wang et al. (2000) and Butler and Strazanac (2000a, b) .
Within each forest, three plots were randomly designated to be treated with GC, three with Btk, and three were left untreated (control). Aerial treatment applications were applied in May 1997 and May 1998 (Table 1) after leaf bud-break, when white oak (Quercus alba L.) leaves were Ϸ1Ð3 cm in length. The Btk was applied as Foray 48 F at a dosage rate of 40 billion international units/acre. The GC was applied at a rate of 2 ϫ 10 11 occlusion bodies/acre. Treatments were applied to the GWNF plots using helicopters and to the MNF plots by using Þxed-wing aircraft.
Within a 20-ha core subplot of each of the 18 plots, a 12-Watt blacklight trap (BioQuip Products, Gardena, CA) was hung at a height of Ϸ1.5 m to collect any adult Lepidoptera attracted to the light Kondo 1991, Butler et al. 2001) . The traps were equipped with a photosensitive switch that caused the traps to operate during darkness. All traps were operated once during the same night each week for a 15-wk summer sampling period. The sampling periods were initiated on 8 May 1995 , 6 May 1996 , 5 May 1997 , and 11 May 1998 . Samples were returned to the laboratory in chilled coolers and frozen before identiÞ-cation. For this study, 19 species (representing Þve families) of the most commonly collected adults were selected for abundance determinations and further statistical analyses. Included were arctiids Halysidota tesselaris (J.E. Smith) and Hypoprepia fucosa (Hü bner); geometrids Besma endropiaria (Guenè e), Besma quercivoraria (Guenè e), Campaea perlata (Guenè e), Hypagyrtis unipunctata (Hü bner), Itame pustularia (Guenè e), Lambdina fervidaria (Hü bner), Melanolophia canadaria (Guenè e), and Tetracis cachexiata (Guenè e); lasiocampid Malacosoma disstria (Hü bner); noctuids Achatia distincta (Hü bner), Acronicta ovata (Grote), Allotria elonympha (Hü bner), Baileya opthalmica (Guenè e), Morrisonia confusa (Hü bner), and Polia latex (Guenè e); and notodontids Heterocampa guttivitta (Walker) and Nadata gibbosa (J.E. Smith).
During the same yearly sampling periods described for the collection of adult Lepidoptera, larvae were collected from each plot by using two methods, canvas bands and foliage pruning. Canvas bands were stapled to 12 trees within each subplot to collect sheltering larvae aggregating under the bands (Butler and Kondo 1993 , Butler et al. 1995a , Butler and Strazanac 2000b . One-half of the selected trees (10 oaks, one hickory, and one maple) was located at lower elevations within the subplot, and the other half was located in upper elevations. Trees of various diameters were chosen in reasonable proximity to other sampling devices (i.e., pitfall and Malaise traps), which were part of a larger study. Each week larval lepidopterans from under bands were placed in plastic vials, chilled in coolers, and returned to the laboratory. Larvae were identiÞed and subsequently reared to adulthood for use in additional studies.
Lepidoptera larvae were also collected from foliage pruned weekly from each plot. Sampling occurred at two to three rotating sites located outside each core subplot but well within the main plot. Pole pruners were used each week to collect individual leaf tip samples of oaks, hickories, and maples from the midand lower canopy (Ͻ5 m) of each plot. Samples from each plot included three samples of oak (each sample either Q. alba; Quercus prinus L., chestnut oak; or a mix of the Quercus (Erythrobalanus), red oak group, Quercus coccinea Muenchh, scarlet oak; Quercus velutina Lambert, black oak; and/or Quercus rubra L., red oak), one sample of mixed hickory (Carya spp.), and one sample of maple (either Acer rubrum L., red maple and/or A. saccharum Marsh, sugar maple) (Butler and Strazanac 2000a) . Each oak and maple sample consisted of 21 branch tips clipped from numerous trees of the same type and a hickory sample consisted of 15 branch tips due to the large surface area of the compound leaves. Samples were collected into large durable plastic bags and tied with a wire tie to be returned to the laboratory for gleaning of larvae. Three-way analysis of variance (ANOVA) was conducted on the abundance data by using STATISTICA software (StatSoft Inc. 1999) . Larvae and adults were separately classiÞed into pretreatment and treatment categories, thus combining 1995 with 1996 (pretreatment), and 1997 with 1998 (treatment). Main effects were designated as years (pretreatment versus treatment), forest (GWNF versus MNF), and treatment (control versus Btk versus GC). Plot was then nested within forest and treatment and assigned as random for the ANOVA. Average abundance of each species for each plot, or pooled abundance for families and totals, provided the dependent variables.
Results
For the larvae, the 19 species discussed in this study were comprised of 5,921 individuals collected from foliage samples, whereas canvas bands contributed an additional 1,271 individuals. For the adults, the 19 species were comprised of 104,079 individuals. Geometrids and noctuids comprised 24.0 and 61.9% of the larvae, and 28.8 and 43.4% of the adults, respectively.
Of particular interest to this study, the determination of potential Btk effects, was the interaction of the pretreatment and treatment years with the treatment assignments to the individual plots. The larvae of three species showed lower counts in Btk plots than control and/or GC plots during treatment years compared with pretreatment years. These species were the geometrid L. fervidaria (F ϭ 7.06; df ϭ 2, 12; P ϭ 0.009), the notodontid H. guttivitta (F ϭ 4.30; df ϭ 2, 12; P ϭ 0.039), and the noctuid A. distincta (F ϭ 4.13; df ϭ 2, 12; P ϭ 0.043). The adults of the geometrid H. unipunctata (F ϭ 5.81; df ϭ 2, 12; P ϭ 0.017) and the lasiocampid M. disstria (F ϭ 4.55; df ϭ 2, 12; P ϭ 0.034) showed similar results. Gypchek was not determined to adversely affect nontarget populations.
Analyses were conducted on the combined 19 species of larvae using data from the Þrst 5 wk of the sampling seasons, thereby excluding mid-and lateseason species. It was expected that larvae would be most susceptible to Btk treatments during this interval. Again, of particular interest was the interaction of the pretreatment and treatment years with the treatment assignments to the individual plots. Differences were not signiÞcant.
Comparisons of populations between combined pretreatment years and combined treatment years as well as comparisons between the GWNF and the MNF populations are presented in Table 2 . Total larval counts for the 19 species were signiÞcantly higher during treatment years than pretreatment years. Higher larval counts in treatment years were also indicated for total noctuids, for the noctuids P. latex and M. confusa, for the geometrid B. endropiaria, and for the notodontid H. guttivitta. SigniÞcant decreases in larval counts during treatment years were seen in the geometrids B. quercivoraria and M. canadaria, for the notodontid N. gibbosa, and for the arctiids H. fucosa and H. tesselaris.
Total adult counts were signiÞcantly higher during treatment years when compared with pretreatment years. Higher counts were indicated for the combined noctuids, for the noctuids P. latex, M. confusa, A. elonympha, B. opthalmica, and A. ovata, for the geometrids L. fervidaria, C. perlata, T. cachexiata, and B. endropiaria, for the notodontid H. guttivitta, and for the arctiid H. tesselaris. When differences were indicated for both larvae and adults, numbers of both stages increased with the exception of H. tesselaris, which showed a lower number of larvae and a higher number of adults collected during treatment years. SigniÞcant decreases in adult counts during treatment years were demonstrated in the geometrids H. unipunctata and B. quercivoraria, for the notodontid N. gibbosa, and for the arctiid H. fucosa.
The larvae of the 19 species combined and the adults of the combined geometrids showed higher total counts in the MNF compared with the GWNF. For the individual species, signiÞcantly greater numbers of larvae were collected from the MNF compared with the GWNF for the geometrids B. endropiaria and L. fervidaria and for the noctuids A. ovata, B. opthalmica, M. confusa, and P. latex. For the adults, the geometrids B. endropiaria, L. fervidaria, M. canadaria, T. cachexiata; the noctuids A. elonympha, B. opthalmica, M. confusa, and P. latex; and the notodontid H. guttivitta, also showed signiÞcantly higher counts in the MNF than in the GWNF. The noctuid A. elonympha (adults) was the only species to show signiÞcantly higher numbers in the GWNF.
Discussion
SigniÞcantly lower numbers of larvae were noted in Btk plots during treatment years compared with control and/or GC plots for three species in particular. Of these, L. fervidaria and A. distincta larvae are both present during the early spring when treatments were applied, so exposure was likely. However, in the case of A. distincta, only 56 larvae were collected, which may potentially reduce the strength of any inferences implied by the statistical analyses. Although H. guttivitta larvae were also collected in lower numbers from Btk plots, it is unlikely that Btk was responsible due to the fact that these larvae occur later in the season, after Btk had likely lost its toxic effects. As reviewed by Reardon et al. (1994) , the breakdown of Bt toxins in the environment proceeds rapidly, mostly due to solar degradation. Within hours, or more conservatively, within a few days, Bt toxin levels are expected to be ineffective in reducing most lepidopteran larval populations. Subsequent bioassay analysis, not addressed in this article, was conducted in our laboratory as a part of our long-term study by using gypsy moth larvae. Larvae were reared in the laboratory and fed Btk-treated leaves collected from treatment plots two weeks after application. No signiÞcant mortality occurred (L.B., unpublished data).
When the 19 selected species were combined, analyses of the data from the Þrst 5 wk of the sampling seasons showed a depression of larval counts in Btk plots during treatment years though the interaction was not signiÞcant. Other nontarget studies have shown similar declines in macrolepidopteran abundance and/or richness when comparing Bt-treated areas to untreated areas (Miller 1990a , b, Lih et al. 1994 , Butler et al. 1995b ).
The only adult species showing signiÞcant population reductions in Btk plots was M. disstria. This species is known to be Bt sensitive (Fitzgerald 1995) . Unfortunately, only 39 larvae were collected and analysis could not be reasonably conducted. However, as these larvae are present in early spring, when the Btk was applied in this study, contact with the toxin was probably unavoidable. Potential Btk effects on H. unipunctata adults were also identiÞed. Early season peaks in larval counts were not observed during treatment years. As expected, adverse effects of Gypchek upon nontarget species were not indicated, probably due to the virusÕ narrow host speciÞcity (Barber et al. 1993) .
One difÞculty in attempting to identify insecticidal effects on population variability is that voltinism may further complicate the issue (Miller 1990a , Butler et al. 1997a ). Bivoltine and multivoltine species can potentially recover more quickly than univoltine species. This is especially true when relatively short-lived insecticides are applied during limited periods. Furthermore, when using adults for assessment, it must be noted that the adults of many species may not occur until the next season, thus making it difÞcult to assess potential impacts to larvae. larval (L) and adult (A) counts per plot for pretreatment years (1995-1996) and treatment years (1997-1998) A multitude of abiotic and biotic factors could account for the population ßuctuations over this 4-yr study. Seasonal variations such as weather, winds, cloud cover, moonlight (Butler et al. 1999) , insect predators and parasitoids, foliage variability, and other factors are contributors to these ßuctuations. Because the primary focus of this study was to determine potential Btk effects, the 4-yr period with a 15-wk sampling season was not expected to sufÞciently identify yearly population changes.
Population differences between the two forests were expected as the forests differ in a variety of parameters. The GWNF, located further south and east of the MNF, is more xeric and the plots are an average 315 m lower in elevation than in the MNF. Elevation, latitudinal, and longitudinal differences might be expected to produce a cooler, shorter growing season in the MNF. The MNF was shown to be signiÞcantly cooler than the GWNF forest (Owenby and Ezell 1992, Butler and Strazanac 2000a) . Larval and adult data showed in several instances that peak abundance was often delayed 1 to 2 wk or more in the MNF. Seasonal differences were also noted in that temperatures for the Þrst 6 wk of the 2 yr preceding treatment applications in the MNF were cooler than the corresponding temperatures during treatment years. This was not the case in the GWNF. As pointed out by Connell (1983) , Lawton and Strong (1981) , and Fitzgerald (1995) , bad weather during early developmental instars can have a profound detrimental effect on lepidopteran larvae.
The data presented in this study seems to support the hypothesis that early season Btk gypsy moth treatments do have the potential to lethally affect some of the more common nontarget lepidopteran larvae present during the time of treatment application. In several instances, signiÞcantly fewer individuals were collected from Btk plots than from GC and control plots during treatment years, but not during pretreatment years. It is signiÞcant to note that most of the common nontarget species analyzed in this study are late-season larvae and would not be expected to be affected by early season Btk applications. SigniÞcant forest differences between the MNF and the GWNF were also observed, with more individuals typically collected from the MNF forest. Overall, the total number of individuals of a species was commonly higher during treatment years compared with pretreatment year catches.
